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INVESTIGATION OF TECHNIQUES TO ESTIMATE 

RAINFALL-LOSS PARAMETERS FOR ILLINOIS

by Linda S. Weiss and Audrey L. Ishii

ABSTRACT

An investigation of techniques for estimating values of parameters for 
two rainfall-loss computation methods used in the U.S. Army Corps of Engineers' 
flood-hydrograph model (HEC-1) was conducted by the U.S. Geological Survey. 
Estimates of six rainfall-loss parameters were investigated—four for the 
Exponential Loss-Rate method (the dimensionless-exponent parameter, ERAIN; the 
rate-of-decrease parameter, RTIOL; the initial-value parameter, STRKR; and the 
antecent soil-moisture parameter, DLTKR) and two for the Initial and Uniform 
Loss-Rate method (the initial-value parameter, STRTL, and the constant parame 
ter, CNSTL). Multiple-regression analyses using data from 616 storms at 98 
gaged basins were used to attempt to develop parameter-estimation techniques 
for these six parameters for use at ungaged basins in Illinois.

ERAIN values are estimated using a statewide mean value of 0.50. RTIOL 
values are estimated from a third-order areal trend surface. STRKR values are 
estimated by a two-step technique of region and mean values or equations with 
main channel slope. CNSTL values are estimated from a first-order areal trend 
surface. DLTKR and STRTL values are median monthly values. Standard errors 
of estimation for the techniques for ERAIN, RTIOL, STRKR, DLTKR, STRTL, and 
CNSTL are, respectively, 0.044, 1.10, 0.109 inch per hour, 1.30 inches, 0.757 
inch, and 0.03 inch per hour. The techniques explain 30, 42, 18, 21, and 19 
percent of the variation in the parameters RTIOL, STRKR, DLTKR, STRTL, and 
CNSTL, respectively. The technique for estimating ERAIN is a mean value, and 
thus has no percent variation.

Parameter-estimation techniques were evaluated using 102 storms at 36 
uncalibrated gaged basins. Estimated unit-hydrograph and rainfall-loss param 
eter values for both rainfall-loss functions were input to the model. Three 
computed discharge hydrograph characteristics (sum of incremental flows, V; 
peak discharge, Q; and time to peak discharge, T) were compared with charac 
teristics of observed discharge hydrographs. Of the 102 simulations for the 
Exponential Loss-Rate method, 72 storms (71 percent) produced valid hydrographs 
(hydrographs that were neither flat nor had errors greater than three standard 
deviations from the mean hydrograph error). Standard deviations for the 72 
hydrographs that were produced for V, Q, and T were 66, 69, and 75 percent, 
respectively. For the Initial and Uniform Loss-Rate method, 48 storms (47 per 
cent) produced valid hydrographs. Standard deviations for the 48 hydrographs 
that were produced for V, Q, and T were 54, 57, and 86 percent, respectively.
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INTRODUCTION
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and R, storage coefficient (Graf and others, 1982b). The drainage basins used 
by Graf and others are those used in this investigation (fig. 1). Drainage 
areas ranged from 0.45 to 362 mi2 (square miles), with a mean of 73.9 mi 2 . A 
total of 621 storms occurring from February through November was used for model 
calibration. Graf and others (1982a, 1982b) have published unit-hydrograph 
parameter values and a technique for estimating TC and R for ungaged basins.

As part of their investigation, Graf and others (1982b) calibrated the 
model for the 98 gaged basins using a four-parameter function to compute 
rainfall excess. This function—the Exponential Loss-Rate function—relates 
rainfall loss rate to rainfall intensity and accumulated losses (U.S. Army 
Corps of Engineers, 1981). The four loss-rate parameters that can be adjusted 
are ERAIN, RTIOL, STRKR, and DLTKR.

Using a different function to compute rainfall losses, Garklavs and Oberg 
(1986) calibrated the HEC-1 model for 32 of the original 98 basins. A total of 
209 storms was used for model calibration. The Initial and Uniform Loss-Rate 
method has two adjustable parameters, STRTL and CNSTL. Garklavs and Oberg 
(1986) found that there is no significant difference in the accuracy of modeled 
hydrographs computed using either method for estimating rainfall excess.

MODEL DESCRIPTION

The HEC-1 flood-hydrograph model (U.S. Army Corps of Engineers, 1981) is 
a computer program used to model surface runoff. The instantaneous-unit- 
hydrograph concept and linear-routing scheme (Clark, 1945) are used to route 
excess rainfall to the basin outlet, producing a runoff hydrograph at the most 
downstream point in the basin. Rainfall is assumed to be evenly distributed 
throughout the basin and channel storage is assumed to be linearly related to 
discharge at the point of basin outflow. The HEC-1 model is applicable only 
to single-storm analyses, because no provision is made for recovery of soil- 
moisture capacity and no accounting is made of rainfall losses.

Rainfall-Excess Computation Methods

Rainfall excess is that part of rainfall contributing directly to surface 
runoff. Rainfall not contributing to runoff is considered lost to the modeled 
system. Four methods for computing rainfall excess are provided in HEC-1. 
These methods are the (1) Exponential Loss-Rate, (2) Initial and Uniform Loss- 
Rate, (3) Soil Conservation Service Curve Number, and (4) Holtan "Loss-Rate 
methods. Parameters for these methods must be input or optimized. Methods 
1 and 2 are examined in this report.

The Exponential Loss-Rate method (fig. 2), which relates rainfall-loss 
rate to rainfall intensity and accumulated losses, is characterized by four 
adjustable parameters, ERAIN, RTIOL, STRKR, and DLTKR. The rainfall excess 
hyetograph is computed by subtracting the calculated losses from the observed 
basin-average rainfall for each computation interval. The equations describ 
ing the Exponential Loss-Rate function are as follows:
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ALOSS = (AK + DLTK) PRCPERAIN (D

where AK = STRKR/(RTIOL0 ' 1 C(ML ), and (2)

DLTK = 0.2 DLTKR [1 - (CUML/DLTKR)] 2 for CUML <_ DLTKR. (3)

ALOSS is the rate of potential rainfall loss and is calculated by multiplying 
a loss-rate coefficient by an exponential function of precipitation. AK is 
the loss-rate coefficient at the beginning of each computation interval. DLTK 
is the incremental increase in rainfall-loss coefficient, AK, during the first 
DLTKR inches of accumulated loss, CUML. DLTKR, related to antecedent soil- 
moisture conditions, is the amount of initial accumulated rainfall loss during 
which the loss-rate coefficient is increased. STRKR is a function of infiltra 
tion capacity and is the initial value of the loss-rate coefficient. RTIOL, 
related to the ability of a basin to absorb rainfall, is the rate of exponen 
tial decrease of the loss-rate coefficient with accumulated rainfall loss. 
PRCP is the amount of basin-average rainfall available during each computation 
interval. ERAIN is a dimensionless exponent related to storm variability on a 
regional basis.

The Initial and Uniform Loss-Rate method (fig. 3) is similar to methods 
using an infiltration index, defined as that rate of rainfall above which the 
rainfall volume equals the runoff volume (Linsley and others, 1975, p. 273-274). 
The Initial and Uniform Loss-Rate method has two adjustable parameters, STRTL 
and CNSTL. All rainfall, up to the depth specified by STRTL, the initial loss, 
is considered lost to abstractions. This initial loss is the amount of rain 
fall used to satisfy antecedent soil-moisture deficiency. Thereafter, 
rainfall-loss rate is constant, equal to CNSTL. Excess rainfall is computed 
by subtracting calculated losses from the observed basin-average rainfall for 
each computation interval.

Optimization Technique

Unit-hydrograph (TC, R) and loss-rate parameters (ERAIN, RTIOL, STRKR, and 
DLTKR for the Exponential Loss-Rate method and STRTL and CNSTL for the Initial 
and Uniform Loss-Rate method) were calculated using a nonlinear optimization 
technique in the HEC-1 model. This technique minimizes an objective function, 
which is the square root of the weighted-squared differences between observed 
and computed discharges. Input data included drainage area and a time-area 
curve for each basin, rainfall data, observed discharge hydrographs, and 
values for baseflow variables for each storm. Output from the model included 
optimized values of the unit-hydrograph and rainfall-loss parameters and a 
computed outflow discharge hydrograph for each storm. The parameters ERAIN, 
RTIOL, STRKR, and CNSTL were optimized to basin-average values, while the 
parameters DLTKR and STRTL were optimized to individual storm values. This 
method was used to reflect the theoretical dependence of ERAIN, RTIOL, STRKR, 
and CNSTL on spatially-varying basin or regional characteristics, and the 
dependence of DLTKR and STRTL on temporally varying storm or seasonal charac 
teristics. DLTKR and STRTL were the last parameters fixed and, consequently,



o
X

cc
UJ 
Q.

CO
UJ
X
o
z

CO
Z 
UJ

£
< 
CC

Initial rainfall loss, total depth specified by STRTL

Constant rainfall loss, the rate of loss specified by CNSTL 

Rainfall excess

INCREASING TIME

Computation Interval

Figure 3.—Application of Initial anc 
(from Garklav;s and Oberg,

CNSTL

Uniform Loss-Rate method 
1986, fig. 2).



included "slack" from the averaging process. The reader is referred to the 
HEC-1 users' manual for a more detailed explanation of the two rainfall-loss 
functions and optimization techniques (U.S. Army Corps of Engineers, 1981).

RAINFALL-LOSS PARAMETER-ESTIMATION TECHNIQUES

The following sections of the report describe the development and evalua 
tion of the rainfall-loss parameter-estimation techniques for two rainfall-loss 
functions. In the first section, the methods used to develop the parameter- 
estimation techniques are discussed and the techniques are presented for the 
Exponential Loss-Rate and the Initial and Uniform Loss-Rate methods. In the 
second section, the techniques are evaluated by error analyses of estimated 
discharge hydrographs at 36 independent gaging stations and by sensitivity 
analyses.

Development

The HEC-1 model had been calibrated prior to this study using the Initial 
and Uniform Loss-Rate method for 32 of the 98 basins originally studied by Graf 
and others (1982b) (Garklavs and Oberg, 1986). The remaining 66 basins were 
calibrated to provide a complete set of loss-rate and unit-hydrograph parame 
ters for this study. Values of TC, R, ERAIN, RTIOL, STRKR, and DLTKR computed 
for the Exponential Loss-Rate method, and TC, R, CNSTL, and STRTL computed for 
the Initial and Uniform Loss-Rate method for each of the 621 storms at the 98 
gaging stations are presented in table 1. Peak discharge and corresponding 
recurrence interval are also given for each storm. The recurrence intervals 
were calculated from the Survey gaging-station frequency curves as noted in the 
headnote to table 1 (Hydrology Subcommittee of Interagency Advisory Committee 
on Water Data, 1982), except at one station that is footnoted as having been 
calculated by the technique of Curtis (1977). Storms occurring in February 
and November were not included in the technique development, due to the small 
number of storms (five) in these months. A total of 616 storms occurring 
during March through October were left. Thus, 98 basin-averaged optimized 
values of ERAIN, RTIOL, STRKR, and CNSTL, and 616 storm-event optimized values 
of DLTKR and STRTL were available for analysis. Table 2 shows a statistical 
summary of the computed loss-rate and unit-hydrograph parameter values. The 
table describes the range and variation of parameter values for Illinois.

Statistical methods were used to develop techniques for estimating values 
for loss-rate parameters. The distributions of the parameters were tested for 
normality using tests for skewness and kurtosis. All of the distributions were 
normal or nearly normal. The range of values for most loss-rate parameters in 
the HEC-1 model are bounded by numerical limitations (U.S. Army Corps of 
Engineers, 1981, p. 44, 45). This helps explain why some of the distributions 
are not exactly normal. The strength of relations between the rainfall-loss 
parameters and various selected characteristics were determined using correla 
tion analyses. Means testing with t-tests was used to determine possible 
groupings, and for some parameters, means or medians were selected as the best 
technique. Regressions were performed and the F-test was used to determine 
statistical significance. Regression analyses included linear, polynomial,
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Exponential Loss-Rate Method

The standard error of the estimating techniques was determined using 
the equation

standard
error of 
estimate

Z (Y-Y) 2 (7)
n-k-1

where Y = computed value of parameter, 

Y = estimated value of parameter, 

n = number of observations, and 

k = number of regression coefficients estimated.

The percent of variation explained by the statistical models used in the 
techniques is a measure of the improvement in the technique obtained by using 
the independent variable or grouping. It may be calculated by the equation

percent
variation = SS^:fE x 100 (8)

i • i SSYexplained

where SSY = (Y-Y) 2 ,

SSE = (Y-Y) 2 ,
Y = computed value of parameter,

Y = mean value of parameter set from model calibration, and
A

Y = estimated value of parameter.

The percent of variation explained by the model is equivalent to the square of 
the correlation coefficient.

The best technique for estimating ERAIN was found to be a statewide mean 
value of 0.50.

The standard error of estimate and the percent of variation explained by 
the estimating technique (where applicable) for ERAIN and other parameters are 
given in table 3.

Polynomial trend analysis indicated that RTIOL has a significant third- 
degree regional trend. The third-degree trend surface was contoured and is 
presented in figure 4.

Values of STRKR have a significant first-degree regional trend. STRKR is 
further correlated with drainage area, length, and slope. Illinois was thus 
divided into regions based on the contoured first-degree areal trend (fig. 5).

11
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A relation between STRKR and basin character 
stepwise regression of STRKR on drainage area 
the regions (fig. 5). Estimating relations 
In Region I (fig. 5), STRKR may be estimated 
in/h. For Region II, STRKR was regressed wi 
the equation

sties was obtained by forward 
length, and slope in each of 

or STRKR are given in figure 5. 
by a mean value equal to 0.144 

l:h the square of slope to obtain

STRKRe = 0.18 + O.OOOI6(SL) 2

where SL is the main channel slope for the 
calculated as the average difference in 
85 percent of the length of the main channel 
III, STRKR was regressed with the square roo

basin in feet per mile. Slope was 
elevation for points located 10 and

from the stream gage. For Region 
t of slope to obtain the equation

STRKRg = 0.16 + 0.039

DLTKR is correlated with evapotranspira 
precipitation, and thus may be significantly 
variable MONTH, because evapotranspiration, 
highly intercorrelated, and all may be groupod 
incorporates the seasonal variation of these 
were separated into eight monthly data sets. 
DLTKR values is shown in table 4. Due to the 
DLTKR values, median values were selected fo 
DLTKR. (Mean monthly DLTKR values tended to 
for most storms.) Monthly values of standard 
given in table 4.

Initial and Uniform Loss--Rate Method

STRTL is correlated with evapotranspira 
precipitation, and thus may be significantly 
variable MONTH, as explained above for DLTKR 
separated into eight monthly data sets. A s 
values is shown in table 5. Due to the skewed 
values, median values were selected for the 
(Mean monthly STRTL values tended to overest 
storms.) Monthly values of standard error o 
table 5.

Values of CNSTL have a significant firs 
first-degree trend surface was contoured and

Percent of variation and standard error 
niques for estimating the unit-hydrograph pa 
1982a) were also calculated and are presented

Table 6 shows a statistical summary of 
hydrograph parameters. Estimating techniques 
presented in this report, and estimating

14

(9)

(10)

tion, temperature, and mean monthly 
grouped according to the indicator 
;emperature, and precipitation are

according to MONTH. MONTH 
variables. Hence, DLTKR values 
A statistical summary of monthly 
skewed distributions of monthly 
the estimating technique for 

overestimate the rainfall loss 
error of estimate for DLTKR are

tion, temperature, and mean monthly 
grouped according to the indicator

Hence, STRTL values were 
tatistical summary of monthly STRTL

distributions of monthly STRTL 
estimating technique for STRTL. 
.mate the rainfall loss for most 
: estimate for STRTL are given in

.-degree regional trend. The 
is presented in figure 6.

of estimate values for the tech- 
•ameters TC and R (Graf and others, 
in table 3.

all estimated loss-rate and unit-
for the loss-rate parameters are 

techniques for the unit-hydrograph
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Figure 6.—Regional values of the constant loss-rate parameter 
used in the Initial and Uniform Loss-Rate method.
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parameters were developed by Graf and others 
(estimated parameters) with table 2 (computed 
of the accuracy with which the estimating 
measures of the original data. In general, 
niques preserve the means and reduce the

(1982a). Comparison of table 6 
parameters) gives an indication

preserve the various 
parameter-estimation tech- 

of the distributions.

techniques 
the

variations

Evaluation

evaluatedParameter-estimation techniques were 
computed discharge hydrographs were compared with 
graphs for an independent set of gaged basins 
were performed to determine the effects of a 
each individual parameter value and a variation 
estimate in each individual parameter value on 
characteristics. These sensitivity analyses 
of the model to each parameter and to the maximum 
parameter values two-thirds of the time.

using two methods. First, 
observed discharge hydro- 

Second, sensitivity analyses 
variation equal to 25 percent in

equal to one standard error of 
computed discharge hydrograph 

to determine the sensitivity 
expected error for estimated

were

Discharge Hydrograph Characteristics for an 
Independent Set of Gaged Basins

Thirty-six uncalibrated gaged basins with 
(102 storms) were used for evaluation of the 
(fig. 7). Basin locations were selected to be 
State. Drainage areas for the 36 basins range 
mean of 112.4 mi2 . Although the average area 
of the original 98 basins, there is no 
modeling accuracy for the larger drainage basins

significant

obtained

and

Computed discharge hydrographs were 
using parameters estimated using the parameter 
loss-rate methods presented in this report, 
eters presented in Graf and others (1982a). 
(rainfall-loss and unit-hydrograph) are evaluated 
compounded.

evaluatedParameter-estimation techniques are 
charge hydrograph characteristics: V, sum of 
of the total volume of flow), in cubic feet 
discharge, in cubic feet per second; and T, 
Three sets of V, Q, and T were available for 
102 observed hydrographs; (2) one set for the 
graphs obtained when using techniques for 
method parameters (this report) and unit- 
others, 1982a); and (3) one set for the 
obtained when using techniques for estimating 
method parameters (this report) and unit- 
others, 1982a). Percent differences, hereafter 
Q, and T, were calculated using the equation

16

approximately three storms each 
parameter-estimation techniques 

areally distributed over the 
from 0.52 to 473 mi 2 with a 

is 50 percent larger than that 
difference in hydrograph

by modeling the 102 storms 
-estimation techniques for both 

for the unit-hydrograph param- 
Since all estimated parameters 

simultaneously, errors are

using three computed dis- 
incremental flows (indicative 

second; Q, instantaneous peak 
to peak discharge, in hours, 

comparison: (1) One set for the 
corresponding computed hydro- 

Exponential Loss-Rate 
parameters (Graf and

computed hydrographs 
Initial and Uniform Loss-Rate

parameters (Graf and 
referred to as errors, in V,

per 
time

estimating 
hydrograph 
corres ponding

hydrograph



PD(Y) = [(Y0 - Yx ) * YQ] x 100 • (11)

where PD(Y) is the error for the hydrograph characteristic V, Q, or T; Yo is 
the value of V, Q, or T for the observed hydrograph; and Yx is the value of V, 
Q, or T for the hydrograph computed when unit-hydrograph and rainfall-loss 
parameters are estimated using either method of calculating rainfall excess.

For the set of computed hydrographs obtained using estimated parameters 
for the Exponential Loss-Rate method, 19 of the 102 simulations (19 percent) 
produced no hydrograph at all or only the recession limb (rainfall loss 
exceeds precipitation) of a hydrograph. Of the 83 simulations that produced 
hydrographs, 11 storms (13 percent) were considered outliers, because these 
storms had a hydrograph error for V, Q, or T greater than three standard 
deviations from the mean hydrograph error for that characteristic. Thus, 29 
percent of the 102 simulations resulted in invalid hydrographs. Table 7 shows 
a statistical summary of the errors in computed hydrograph characteristics for 
the simulations producing hydrographs, with and without outliers. Negative 
errors indicate that computed values of the hydrograph characteristic are too 
large; positive errors indicate computed values are too small.

For the set of computed hydrographs obtained using estimated parameters 
for the Initial and Uniform Loss-Rate method, 49 of the 102 simulations (48 
percent) produced no hydrograph at all or only the recession limb of a hydro- 
graph. Of the 53 simulations that produced hydrographs, 5 storms (9 percent) 
were considered outliers. Thus, 53 percent of the 102 simulations resulted 
in invalid hydrographs. Table 8 shows a statistical summary of the errors in 
computed hydrograph characteristics for simulations producing hydrographs, 
with and without outliers.

If the hydrographs computed using estimated parameters reproduced observed 
hydrographs accurately/ the expected distribution of the values of the mean of 
errors of V, Q, and T for an infinite number of storms would be normal about 
zero. Statistics from tables 7 and 8 show that for both loss-rate methods, 
storm hydrographs (without the outliers) have positive mean errors in V and Q, 
and negative mean error in T. For both rainfall-loss methods, V is reproduced 
more accurately than Q. The large negative mean error in T means that the time 
to peak flow is overestimated. The distributions of all measures of hydrograph 
error for both methods have slightly negative coefficients of skewness and 
standard deviations that are large compared to the mean. These results indi 
cate that more hydrograph errors are to the right of the mean hydrograph error 
and are distributed more uniformly (from the minimum value to the maximum 
value) than a normal distribution. Some skew is to be expected because errors 
are bounded on one side by 100 percent and unbounded on the other side.

The outlier errors for both methods average about -250 percent for V and 
Q. When these large negative errors are included in the set of hydrograph 
errors, the means are decreased and the skew becomes more negative, yielding 
a much less normal distribution of errors.

The evaluation of the parameter-estimation techniques using discharge 
hydrograph characteristics for an independent set of gaged basins resulted in 
29 and 53 percent invalid hydrographs for the Exponential Loss-Rate and Initial

17
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percent
and Uniform Loss-Rate methods, respectively. 
T for those computed were 66, 69, and 75 
Exponential Loss-Rate method and 54, 57, and 
Initial and Uniform Loss-Rate method. The 
by the estimation techniques (table 3), and tl 
the 102 storms indicate that there is a large 
hydrographs computed using the estimation techniques,

Standard deviations of V, Q, and
respectively, for the 

percent, respectively, for the 
sm<Lll percent of variation explained 

e results of the evaluation using 
degree of uncertainty in the

Sensitivity Analy

Two types of sensitivity analyses were 
(1) test the effects of a variation of 25 perc 
individually (a model sensitivity to the paran 
of a variation equal to one standard error of 
individually on computed discharge hydrograph 
information are necessary in determining the i 
parameter to the hydrograph error. For examp] 
ERAIN, but using the technique to estimate ERZJN 
ERAIN has a small standard error of estimate.

performed,

Edwarcsville

The first sensitivity analysis presents i 
adjust the parameters. In this analysis, opt 
hydrograph parameters were varied individually 
sensitivity of the hydrograph characteristics 
were for six storms at Cahokia Creek at 
05587900), and for seven storms at South Branch 
Irene, Illinois (station 05439550). The stati 
mean values of their parameters were close to 
parameters used in the study. The sensitivity 
change in the three hydrograph characteristics 
in hydrograph characteristics V, Q, and T was 
Yo equal to the value of the hydrograph charac 
parameters and Yx equal to the value of the hy 
when optimized parameters are increased and d 
shows percentage change averaged over the six 
Exponential Loss-Rate method, and table 10 
Initial and Uniform Loss-Rate method. Table 
averaged over the seven storms at South Branch 
the Exponential Loss-Rate method, and table 12 
Initial and Uniform Loss-Rate method. The 
hydrograph characteristics V and Q to changes 
Loss-Rate method, and to changes in STRTL for 
method. For both methods, the model is most 
hydrograph characteristic T. The model is not

In the second sensitivity analysis, optimized 
hydrograph parameters for data for 21 storms a 
varied by one standard error of estimate for e»ch 
(monthly values for DLTKR and STRTL). The error 
would be less than or equal to this amount about

20

is

These analyses were to 
ent in each parameter value 
eters), and (2) test the effects 
estimate in each parameter value 
characteristics. Both pieces of 
elative contributions of each 
e, the model is sensitive to

leads to little error, because

nformation to help the user 
mized rainfall-loss and unit-
by 25 percent to determine the 
to each parameter. Data used

Illinois (station 
Kishwaukee River tributary near 

ons were selected so that the 
the mean values of all station 
of the model was measured by 
V, Q, and T. Percentage change 
calculated using equation 11 with 
teristic obtained with optimized 
drograph characteristic obtained 
creased by 25 percent. Table 9 
storms at Cahokia Creek for the

similar results for the 
1 shows percentage change 
Kishwaukee River tributary for 
shows similar results for the

is most sensitive in the 
in DLTKR for the Exponential 
;he Initial and Uniform Loss-Rate 

ssnsitive to changes in TC in the 
sensitive to changes in RTIOL.

shows

modal

rainfall-loss and unit- 
b three gaging stations were 

parameter individually 
in the estimated parameters 
two-thirds of the time. This



analysis was to determine the maximum expected error in hydrograph character 
istics for two-thirds of the hydrographs produced by using the estimation 
techniques. Percentage change in hydrograph characteristics was averaged for 
the storms at each station.

These average values for each station were then averaged over the three 
stations. Table 13 shows percentage change averaged over the three stations 
for the Exponential Loss-Rate method, and table 14 shows similar results for 
the Initial and Uniform Loss-Rate method. - For the Exponential Loss-Rate 
method, the model is most sensitive in the hydrograph characteristic V to 
changes in STRKR and DLTKR; in Q to changes in STRKR, DLTKR, TC, and R; and in 
T to changes in TC. For the Initial and Uniform Loss-Rate method, the model 
is most sensitive in V to changes in STRTL and CNSTL; in Q to changes in STRTL 
and R; and in T to changes in TC and STRTL.

Figures 8 and 9 show the effect that positive and negative standard error 
of estimate for each parameter have on a typical hydrograph. The August 17, 
1968, storm at Deer Creek near Chicago Heights, Illinois (station 05536235), 
was used for the analysis. The hydrograph was selecte,d because its calibrated 
parameters were close to the mean values of parameters.

<
Based on the results of these sensitivity analyses, DLTKR is the most 

significant parameter in reproducing sum of incremental flows (V) and peak 
discharge (Q) for the Exponential Loss-Rate method.. For the Initial and. 
Uniform Loss-Rate method, STRTL is the most significant parameter in reproduc 
ing V and Q. Because the model is the most sensitive to the parameters DLTKR 
and STRTL and because these parameters vary the most (table 2), DBTKR and 
STRTL have large relative importance. For both methods, TC is the most signi 
ficant parameter in reproducing time to peak discharge (T).

Discussion

Three methods have been used in the development of the parameter estima 
tion techniques. They are polynomial trend surfaces, regression' equations, 
and median monthly values. The physical significance of„each of the estima 
tion techniques in relation to the individual parameter is discussed in this 
section.

ERAIN is the exponent of precipitation in the Exponential Loss-Rate func 
tion and reflects the influence of precipitation rate on the basin-average loss 
characteristics. It reflects the manner in which storms occur within an area 
and may be considered a characteristic of a particular area. The estimation 
technique for ERAIN is a statewide mean value of 0.50.

Regionally varying basin characteristics are indirectly considered in the 
estimation techniques presented for RTIOL, STRKR, and CNSTL through the use of 
polynomial trend analyses. RTIOL is the ratio of the rainfall-loss coefficient 
on the Exponential Logs-Rate curve to that corresponding to 10 inches more of 
accumulated loss. This parameter is related to the ability of the surface to 
absorb precipitation. It is the slope of the infiltration curvea ; hence, higher 
slope indicates greater decreases in loss rate as time progresses. Larger 
values of RTIOL indicate little capacity for infiltration.
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Deer Creek near Chicago Heights, 111.
August 17, 1968 (Station 051.36235) 

[Peak discharge equals 874 cubic foet per second; 
recurrence interval equal* 1!> years]

Parameter
Optimized
parameter

value

Standard 
error of 
estimate

TC (h) 
R (h) 
ERAIN 
RTIOL
STRKR (in/h) 
DLTKR (in.)

15.5
25.8

.55
3.21

.21
2.64

10.56
8.62

.0442
1.10

.109
1.32

Note: Solid lines are optimized hydrographs; 
resulting from a positive or negative change o 
estimate in parameter value, indicated on each

daithed lines are hydrographs 
1 one standard error of 
graph.

Figure 8.—Effect of one standard error of estimate change in 
parameter value for a typical hydrograph using the 
Exponential Loss-Rate methodL
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Parameter
Optimized
parameter

value

Standard 
error of 
estimate

TC (h) 
R (h)
STRTL (in.) 
CNSTL (in.)

21.7
25.0
1.69
.11

10.56
6.62

.871

.03

Notet Solid lines are optimized hydrographs; dashed lines are hydrographs 
resulting from a positive or negative change of one standard error of 
estimate in parameter value, indicated on each graph.

Figure 9.--Effect of one standard error of estimate.change in 
parameter value for a typical hydrograph using the 
Initial and Uniform Loss-Rate method.
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Mitchell (1954) defined 15 hydrologic regie 
physiographic divisions of the State (Leighton 
isties of the hydrologic regions that may affec 
include land slopes, depth and permeability of 
intensity of precipitation and associated tempe 
storage capacities. According to Mitchell (195 
has deep and very permeable soils. These and o 
tics may be reflected in the low RTIOL values i 
State. RTIOL values increase to the southeast \ 
Mt. Vernon Hill Region. The Mt. Vernon Hill Re 
marily bedrock surface that may contribute to 
RTIOL along the western and southwestern edge o 
to more permeable alluvial deposits.

ns for Illinois based on 
nd others, 1948). Character- 
infiltration and runoff 

he soils, distribution and 
atures, stream patterns, and 
), the Rock River Hill Region 
her physiographic characteris-
the northwestern part of the 

ith largest values in the 
ion is characterized by a pri- 

large runoff. Smaller values of 
the State may be attributable

STRKR is the starting value of the Xoss coi 
recession curve for rainfall losses. The start 
infiltration capacity and so depends on basin c 
type, land use, and vegetal cover and on the mo 
of the storm. STRKR has a significant first-or 
value from northwest to southeast. High values 
infiltration and less runoff. The gradual deer 
climatological factors (see CNSTL explanation b 
of average annual runoff for Illinois, 1951-80 
is also correlated with channel slope (for the 
Based on the first-order trend contours, STRKR v 
regions (fig. 5) incorporating topographical va 
in Region I in southern Illinois have channel s 
ft/mi (feet per mile), with a mean of 12.1 ft/m 
ft/mi, and coefficient of variation of 79.8 per 
is smaller than for Regions II and III, which meiy 
included in an equation for Region I. Region I 
drainage and upland drainage to the Kaskaskia

Region III in northern Illinois has channe 
78.7 ft/mi, with a mean of 14.3 ft/mi, a standa 
coefficient of variation of 107 percent for the 
cover a wide range, from higher slopes in the n 
the center of the State. Region III is charact 
in relief and includes basins draining to the I 
northwest.

Region II in the center of the State is fl< 
the stations used, has channel slopes ranging f 
mean of 10.3 ft/mi, a standard deviation of 9.5 
variation of 92.8 percent. The corridor define 
divide separating Illinois River drainage and 
drainage.

The parameter CNSTL is the constant rate o 
and Uniform Loss-Rate method. It is similar to 
Exponential Loss-Rate method. CNSTL values (fi 
northwest and smallest in the southeast. Large

24

fficient on the exponential 
ng value is a function of 
aracteristics such as soil 
sture conditions at the start 
er areal trend, decreasing in 
of STRKR indicate high loss to 
ase may be a reflection of 
low), and resembles contours 
Garrelts, 1986, p. 14). STRKR 
tations used in the analysis), 
as divided into three general 
iations. Drainage basins used 
opes ranging from 2.6 to 41.8

a standard deviation of 9.6 
ent. The variation in slope

explain why slope was not 
includes all Ohio River 

(fig. 1).RJ.ver

slopes ranging from 2.9 to 
d deviation of 15.3 ft/mi, and 
stations used. These slopes 
rthwest to low slopes towards 
rized by areas widely varying 
linois River and basins to the

tter than Region III and, for 
om 2.0 to 42.5 ft/mi, with a 
ft/mi, and coefficient of 
by Region II follows the 

Kaskaskia River and Wabash River

rainfall loss in the Initial 
the parameter STRKR in the

6) are greatest in the 
values indicate more rainfall



is lost to infiltration, and so less goes to runoff. The gradual decrease 
from large values in the north to small values in the south may be a reflection 
of the effect of temperature and precipitation (factors that affect antecedent 
soil-moisture) on the ability of the soil to accept water. Climatological 
factors, including temperature and amount, intensity, and distribution of pre 
cipitation tend to produce larger mean annual floods in southern than northern 
Illinois (Mitchell, 1954, p. 335).

DLTKR is the amount of initial accumulated rainfall loss during which the 
loss-rate coefficient is increased. It is a function primarily of antecedent 
soil-moisture and is storm dependent. STRTL, the total depth of the initial 
rainfall loss in the Initial and Uniform Loss-Rate method, is analogous to 
DLTKR. Both parameters exhibit seasonal trends and reflect moisture conditions 
that are a function of climatological factors, soil type, surficial geology, 
vegetative cover, or land use. High values of DLTKR or STRTL indicate greater 
infiltration due to low antecedent soil moisture. DLTKR and STRTL values 
(tables 4 and 5) are lowest in the spring when the soil is saturated, hence, 
more runoff. Values are higher in August through October, when soil is dry 
and evapotranspiration is higher.

For the Exponential Loss-Rate method, the model is more sensitive in the 
hydrograph characteristics V and Q to changes in the parameters STRKR and 
DLTKR (tables 9, 11, and 13) than to changes in ERAIN, RTIOL, TC, and R. For 
the Initial and Uniform Loss-Rate method, the model is more sensitive in V and

r

Q to changes in CNSTL and STRTL (tables 10, 12, and 14) than to changes in TC 
and R. The model is also very sensitive in Q to the unit-hydrograph parameter 
R. The two parameters STRKR and DLTKR are analogous to the two parameters 
CNSTL and STRTL. If both parameters STRKR and DLTKR or CNSTL and STRTL are 
overestimated (or underestimated), simulations may produce hydrographs so small 
(or large) as to produce no hydrograph at all or only the recession limb, or 
outliers.

From the results of the sensitivity analyses, it can be seen that varia 
tions in DLTKR (tables 9, 11, and 13) for the Exponential Loss-Rate method and 
STRTL (tables 10, 12, and 14) for the Initial and Uniform Loss-Rate method 
produce the largest changes in the hydrograph characteristics V and Q. The 
coefficients of variation (table 2) for DLTKR and STRTL are the largest of the 
loss-rate parameters. These two parameters are dependent on antecedent soil 
moisture, and so are different for each storm at each basin. They are the 
last variables to be fixed in model calibration and so are "slack variables," 
accounting for conceptual, analytical, and numerical approximations, data 
error, user judgment, and other inaccuracies inherent in the model. The 
standard error of estimates for monthly values of DLTKR (table 4) and STRTL 
(table 5) are an indication of expected error. Variations in these parameters 
yield large changes in V and Q, and modifications to DLTKR and STRTL alone may 
be sufficient to increase or decrease V and Q, when these hydrograph character 
istics exceed reasonable bounds.

For both methods, time of concentration (TC) is the most significant 
parameter in reproducing time to peak discharge, and storage coefficient (R) 
is the second largest contributor to error in peak discharge.
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SUMMARY

An attempt was made to develop estimation 
values of parameters for two rainfall-loss fun 
hydrograph model. The Exponential Loss-Rate n 
parameters (ERAIN, RTIOL, STRKR, and DLTKR), 
Loss-Rate method has two rainfall-loss paramet

techniques for selection of 
ctions used in the HEC-1 flood- 
ethod has four rainfall-loss 

and the Initial and Uniform 
ers (STRTL and CNSTL).

Calibrated rainfall-loss function paramet 
basins in Illinois were related to basin and 
using multiple-regression analyses. Parameter 
areal trend surfaces, mean values for regions, 
median monthly values. Standard errors of 
ERAIN, RTIOL, STRKR, DLTKR, STRTL, and CNSTL 
0.109 in/h, 1.30 in., 0.757 in., and 0.03 in/h 
42, 18, 21, and 19 percent of the variation in 
DLTKR, STRTL, and CNSTL, respectively. The te 
a mean value, and thus has no percent variation

ers from 616 storms at 98 gaged 
climatological characteristics 
-estimation techniques include
regression equations, and 

estimation for the techniques for 
are, respectively, 0.044, 1.10,

The techniques explain 30, 
the parameters RTIOL, STRKR, 

chnique for estimating ERAIN is

Data from 102 storms at 36 uncalibrated 
the parameter-estimation techniques. Three 
characteristics (sum of incremental flows, V; 
peak discharge, T) were compared with observed 
the 102 simulations for the Exponential Loss- 
cent) produced valid hydrographs. Standard 
that were produced for V, Q, and T were 66, 69 
For the Initial and Uniform Loss-Rate method, 
valid hydrographs. Standard deviations for th 
duced for V, Q, and T were 54, 57, and 86 perc

parametersSensitivity analyses on rainfall-loss 
parameters (TC and R) indicated that DLTKR (fo 
method) and STRTL (for the Initial and Uniform 
significant parameters in reproducing V and Q 
most significant parameter in reproducing T, 
the second most significant parameter in contributing

The small percentage of variation explain 
and the results of the evaluation using the 10:2 
a large degree of uncertainty in the hydrograplis 
techniques.
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gaged basins were used to evaluate 
computed discharge hydrograph 

peak discharge, Q; and time to
hydrograph characteristics. Of 

Rate method, 72 storms (71 per- 
deviations for the 72 hydrographs 

and 75 percent, respectively. 
48 storms (47 percent) produced 
e 48 hydrographs that were pro- 
ant, respectively.

and unit-hydrograph 
c the Exponential Loss-Rate 
Loss-Rate method) are the most 
For both methods, TC is the 
storage coefficient (R) is 

to error in Q.
aid

Bd by the estimation techniques 
I storms indicate that there is 

computed using these
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GLOSSARY OF TECHNICAL

functionCNSTL is an Initial and Uniform Loss-Rate
model that is a constant rate of rainfall 
of rainfall loss is satisfied, in inches

parameter used in the HEC-1 
loss after the initial volume 

per hour.

COEFFICIENT OF VARIATION is a measure of the a 
It is equal to the standard deviation of 
the mean of the dependent variable times 
is dimensionless.

amount of variation in the sample, 
the dependent variable divided by 
100. Coefficient of variation

DIRECT RUNOFF is the runoff entering stream channels promptly after rainfall.

DISCHARGE is the volume of water that passes a given point within a given 
period of time, in cubic feet per second

parameterDLTKR is an Exponential Loss-Rate function
that is the amount of initial accumulated 
which the decrease in loss-rate coefficient

DRAINAGE AREA (DA) is the area, measured in a 
enclosed by a drainage divide, in square

ERAIN is a parameter that is the exponent of 
Loss-Rate function, dimensionless.

precipitation in the Exponential

GAGING STATION is a particular site on a stream where systematic observations 
of gage height or discharge are obtained.

HEC-1 is the U.S. Army Corps of Engineers Hydrologic Engineering Center flood- 
hydrograph model used to model direct runoff.

HYDROGRAPH is a graph showing stage, discharge 
of water with respect to time. In this s 
discharge as a function of time.

HYETOGRAPH is a graph showing precipitation with respect to time.

INSTANTANEOUS UNIT HYDROGRAPH is a hydrograph
one inch of uniformly-distributed rainfall 
ously over the entire drainage area.

LENGTH (L) is the distance measured along the 
the basin divide, in miles.

LOSS-RATE PARAMETERS are variables that accour.t 
observed rainfall and direct runoff from

RAINFALL EXCESS is the volume of rainfall available for direct runoff.

RECURRENCE INTERVAL is the average interval of 
will be exceeded once. Also called return

28

TERMS

used in the HEC-1 model 
rainfall loss, in inches, during 

is parabolic.

horizontal plane, that is 
miles.

, velocity, or any other property 
tudy, it refers to a graph of

of direct runoff resulting from 
excess occurring instantane-

main channel from the gage to

for the difference between 
a basin.

time within which a given flood 
period.



REGRESSION EQUATION is a mathematical relationship between a dependent variable 
and one or more independent variables.

RTIOL is an Exponential Loss-Rate function parameter used in the HEC-1 model
that is the rate of exponential decrease of the loss-rate coefficient with 
accumulated rain fall loss, dimensionless.

SKEW COEFFICIENT is a measure of the symmetry of a distribution. A positive 
skew coefficient indicates that the probability histogram has a longer 
tail to the right than to the left; a negative skew coefficient indicates 
that the probability histogram has a longer tail to the left than to the 
right. A normal distribution has a coefficient of skewness of zero.

SLOPE (SL) is the main-channel slope determined from elevations at points 10 
and 85 percent of the total distance along the channel from the gaging 
station to the drainage basin divide, in feet per mile.

STANDARD ERROR OF ESTIMATE is a measure of the reliability of an estimating 
technique. It is defined as the standard deviation of the distribution 
of residuals about the estimating technique.

STORAGE is the volume of water detained in a drainage basin.

STORAGE COEFFICIENT (R) is a proportionality constant between storage and 
discharge at the outflow point of a basin, a time characteristic of a 
basin indicative of channel storage capacity.

STRKR is an Exponential Loss-Rate function parameter used in the HEC-1 model 
that is the initial value of the loss-rate coefficient at the start of 
rainfall for DLTKR equal to zero, in inches per hour.

STRTL is an Initial and Uniform Loss-Rate function parameter used in the HEC-1 
model that is the initial volume of rainfall used to satisfy antecedent 
soil-moisture deficiency, in inches.

SURFACE RUNOFF is that part of runoff that travels over the soil surface to 
the nearest stream channel.

TIME OF CONCENTRATION (TC) is the time required for runoff from the remotest
point of a drainage area to reach the outlet or point of discharge on the 
stream.

UNIT HYDROGRAPH is a hydrograph of direct runoff resulting from one inch of 
uniformly-distributed rainfall excess occurring in unit time.
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Table 3.—Variation explained and standard error of estimate for 
loss-rate and unit-hydrograph parameter-estimation techniques

[in/h, inches per hour; in., inches; h, hours]

Parameter
Estimating 
technique

Variation 
explained 
(in percent)

Standard error 
of estimating 

technique

ERAIN 

RTIOL 

STRKR

DLTKR

Exponential Loss Rate 

0.50 

map, fig. 4 30

map, fig. 5 42 
Region I
Region II 27 
Region III 15

median monthly 
values, table 4

18

0.044

1.10

.109 in/h 

.079 in/h 

.107 in/h 

.126 in/h

1.30 in.

Initial and Uniform Loss Rate

STRTL

CNSTL

median monthly 
values, table 5

map, fig. 6

21

19

.757 in.

.03 in/h

TC Graf and others 
(1982a)

Graf and others 
(1982a)

Hydrograph Parameters

38

31

10.5 h

8.62 h

49
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Table 9.—Sensitivity of computed hydro-graph characteristics to a 25-percent 
change in rainfall-loss and unit-hydrograph parameters for 
Cahokia Creek at Edwardsville, Illinois (station 05587900), 

using the Exponential Loss-Rate method

[Percentage change is defined as ((YO-YX ) r Yo ) x 100 averaged over six 
storms where Yo is the value of the hydrograph characteristic obtained 

with optimized parameters and Yx is the value of the hydrograph 
characteristic obtained when optimized parameters are increased 
and decreased by 25 percent. ERAIN and RTIOL are dimensionless; 

in/h, inches per hour; in., inches; h, hours]

Parameter

Name

ERAIN

RTIOL

STRKR
(in/h)

DLTKR 1
(in.)

TC
(h)

R
(h)

Change 
in 

value

+0.12

-.12

+ .50

-.50

+ .05

-.05

+ .42

-.42

+ 1.50

-1.50

+ 2.15

-2.15

Change in

Sum of 
incremental 

flows , 
V

-40

35

-1

2

30

-37

51

-60

0

0

2

-2

hydrograph characteristic, 
in percent

Peak 
discharge, 

Q

-41

39

-1

2

32

-34

54

-60

7

-6

14

-18

Time of 
discharge, 

T

1

0

0

0

0

0

0

1

-11

11

0

1

1 Change in parameter value is average of changes in parameter values 
for six storms.
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Table 10.—Sensitivity of computed! hydrograph characteristics to a 25-percent
change in rainfall-loss and unit- btydrograph parameters for
Cahokia Creek at Edwardsville, Illinois (station 05587900),

usingthe Initial and Uniform Loss-Rate method

[Percentage change is defined as ((Y0-YX )
storms where Y0 is the value of the hyc rograph

with optimized parameters and Yx is 
characteristic obtained when optimized 

and decreased by 25 percent
in., inches; h

Y0 ) x 100 averaged over six 
characteristic obtained 

the value of the hydrograph 
parameters are increased 

in/h, inches per hour; 
hours]

~ ._ Parameter
Change in hydrograph characteristic, 

in percent

Name

Change
in 

value

Sum of
incremental

flows,
V

Peak
discharge, 

Q

Time of
discharge,

T

CNSTL 
(in/h)

TC 
(h)

R 
(h)

-.19

+ ' 02

60 

-82

16

+1-50

-1.50

+2.23

-2.23

62

-87

18

-17

6 

-5

14

-20

48

0

0

0

-7 

9

-1

4

1 Change in parameter value is average of changes in parameter values 
for six storms.
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Table 11.—Sensitivity of computed hydrograph characteristics to a 25-percent
change in rainfall-loss and unit-hydrograph parameters for

South Branch Kishwaukee River tributary near Irene/
Illinois (station 05439550), using the Exponential

Loss-Rate method

[Percentage change is defined as ((YQ-YX ) * Yo ) x 100 averaged over seven 
storms where Yo is the value of the hydrograph characteristic obtained 

with optimized parameters and Yx is the value of the hydrograph 
characteristic obtained when optimized parameters are increased 
and decreased by 25 percent. ERAIN and RTIOL are dimensionless; 

in/h, inches per hour; in., inches; h, hours]

Parameter

Name

ERAIN

RTIOL

STRKR

(in/h)

DLTKR 1
(in.)

TC
(h)

R

(h)

Change 
in 

value

+ 0.14

-.14

+ .45

-.45

+ .14

-.14

+ .50

-.50

+ .33

-.33

+ .18

-.18

Change in

Sum of 
incremental 

flows, 
V

1

-4

-2

2

31

-34

21

-23

22

20

21

6

hydrograph characteristic, 
in percent

Peak 
discharge, 

Q

5

-6

-2

2

32

-38

24

-23

44

23

44

36

Time of 
discharge, 

T

-1

-1

-1

1

0

0

-2

0

-3

12

-8

11

1 Change in parameter value is average of changes in parameter values 
for seven storms.
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Table 12.—Sensitivity of computed hydrograph characteristics to a 25-percent
chancre in rainfall-loss and unit-h

South Branch Kishwaukee River :ributary near Irene,
Illinois (station 05439550),

and Uniform Loss-Ra :e method

[Percentage change is defined as ((Y0-YX ! 
storms where Yo is the value of the hydr 

with optimized parameters and Yx is 
characteristic obtained when optimiz 

and decreased by 25 percent
in. , inches; h,

Y0 ) x 100 averaged over seven 
sgraph characteristic obtained 
:he value of the hydrograph 
id parameters are increased 
Ln/h, inches per hour; 
hours]

drograph parameters for

using the Initial

Parameter Chan^e n hydrograph characteristic, 
in percent

Name

Change
in 

value

Sum of 
incremental 

flows/ 
V

Peak
discharge, 

Q

Time of 
discharge,

(in - }

CNSTL 
(in/h)

TC 
(h)

R 
< h >

+0 ' 27 

-.27

55 

-58

-.20

+ ' 25

-.25

55

-57

3

-3

4

-4

13

-17

7

6

0

0

-5

7

-1 

2

1 Change in parameter value is average 
for seven storms.

of changes in parameter values
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Table 13.—Sensitivity of computed hydro-graph characteristics to a standard
error of estimate change in rainfall-loss and unit-hydrograph

parameters using the Exponential Loss-Rate method

[Percentage change is defined as ((YO-YX ) V x 100 averaged over 21 storms
at three stations (seven storms at Sugar Creek near Dixon Springs, 111. 
(station 03386500); seven storms at Deer Creek near Chicago Heights, 111. 
(station 05536235); seven storms at South Fork Saline River near Carrier 

Mills, 111. (station 03382100)). YQ is the value of the hydrograph 
characteristic obtained with optimized parameters and Yx is the 
value of the hydrograph characteristic obtained when optimized 
parameters are increased and decreased by one standard error 

of estimate. ERAIN and RTIOL are dimensionless; 
in/h, inches per hour; in., inches; h, hours]

Parameter

Name

Change
in 

value

Change in hydrograph characteristic, 
_____________in percent___________________

Sum of 
incremental Peak Time of

flows, discharge, discharge, 
____V_____________Q T__

ERAIN
+0.0442 

-.0442

RTIOL
+ 1.10

-1.10

STRKR 

(in/h)

+ .109 

-.109

36 

•37

36 

•40

-1

0

DLTKR1 

(in.)

+mse-

-mse'

47 

-44

54 

•46

TC 
(h)

+10.56

-10.56

20 

•11

-36 

14

R 
(h)

+8.62 

-8.62

35 

-39

-8 

4

negative changes are restricted by minimum allowable parameter 
values. 

2mse refers to monthly standard error (table 4).
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Table 14. — Sensitivity of computed hydrogr
error of estimate change in rainfal
parameters using the Initial and

[Percentage change is defined as ((Y0-YX ) -5 
at three stations (seven storms at Sugar 
(station 03386500); seven storms at Deer 
(station 05536235); seven storms at South 

Mills, 111. (station 03382100)). Yo i 
characteristic obtained with optimiz 
value of the hydrograph characterist 
parameters are increased and decrea 
of estimate, in/h, inches per hou

« . Change Parameter ^

Sum of 
Change incremental 

in flows, 
Name value V

1.11 111 

STRTL +mse2 60 

(im) -mse2 -57

CNSTL +°-° 3 15 

(in/h) ..03 _21

TC 1 +10.56 2 

(h) -10.56 -1

Rl +8.62 9 

(h) -8.62 -4

1 Some negative changes are restricted 
values.

2mse refers to monthly standard error

*U.S. GOVERNMENT PRINTING OFFICE: 1987-745-014 

60

aph characteristics to a standard
1-loss and unit-hydrograph
Uniform Loss-Rate method

Y0 ) x 100 averaged over 21 storms 
Creek near Dixon Springs, 111. 

Creek near Chicago Heights, 111. 
Fork Saline River near Carrier 

s the value of the hydrograph 
ed parameters and Yx is the 
ic obtained when optimized 
sed by one standard error 
r; in., inches; h, hours]

in hydrograph characteristic, 
in percent

Peak Time of 
discharge, discharge, 

Q T
111 11 
65 31

-61 4

17 1 

-22 0

23 -29 

-11 13

34 -3 

-50 7

by minimum allowable parameter 

(table 5).


